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(54) A powder coating composition 

(57) A powder coating composition which is suitable for precoated steel plates has excellent storage stability (e.g. blocking 
resistance) and provides a cured film having good weather resistance and a good balance of hardness and processability 
comprises; 

(I) 95 to 70 % by weight of a polyester resin having a glass transition temperature of 40 to 70 D C, prepared from (i) an 
acid component containing at least 80 mole % of an aromatic dicarboxylic acid with (ii) a polyol component which comprises 

(a) at least 50 mole % of neopentyl glycol, and 

(b) 1 to 10 % by weight of a diol selected from a linear chain C 8 -C 16 alkylene diol, 2-methyl-1 , 8-octane diol and a 
mixture thereof, and 

(II) 5 to 30 % by weight of a curing agent. 

The acid component may further contain adipic, sebacic, succinic or trimeliitic acid, and the polyol component may 
further contain other polyols, e.g. ethylene, propylene or trimethylene glycol, butane diol, neopentylglycoi hydroxypivalate 
and cyclohexane dimethanol. The polyester preferably has an acid or hydroxyl value of 10 to 100 and a number average 
molecular weight of 2,000 to 1 0,000. The curing agent (II) is preferably an epoxy compound or a blocked isocyanate 
compound. The composition preferably contains 0.1 to 10% wt. of non-crosslinkable resin particles. 
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POWDER COATING COMPOSITION 
FIELD OF THE INVENTION 

The present invention relates to a powder coating 
composition which has excellent storage stability (e.g. 
blocking resistance) and provides a cured film having good 
weather resistance and a good balance of hardness and 
processability . 

BACKGROUND OF THE INVENTION 

Precoated steel plates, i.e. steel plates which are 
?aint before conducting a processing step (e.g. 




appliances, automobiles and "the like. The steel plates have 
advantages in atmosphere pollution, resource saving and 
labor saving, since a paint coating process after the 
processing is not necessary. 

Contrary to the advantages, the paint to be 
preccated are required to have severe physical properties, 
especially two physical properties which are conflict with 
each other (i.e. hardness and processability (e.g. folding 
ability)), in addition to normally required physical 
properties, such as adhesive properties, weather resistance, 
gloss and the like. 

In order to comply with the required physical 
properties, especially hardness and processability, Japanese 
Kokoku Publication 62-21830 and Japanese Kokai Publication 
59-8770 propose a polyester resin into which soft segments 
are introduced by using a monomer being soft, such as 1,5- 



pent.ne dlol. did, sebacie .eld ,na th. ilk.. 

Also, Japan.se Kok.l Publication 2 - 62 , 2 proposes , polye „ er 
resin of which 10 t0 eo molft » of a poiyol component u li9 . 
nonane aiol, thus resulting i„ improvements in both hardnesE 
and proceasability. 

However, the polyester resins proposed In the above 
mentioned pubUcations adversely affect on other properties 
"her, for.ui.ted into powder paint. For example> u u 
<"irficult to grind .the poiy.ater resins and they ar. not 
9«* for powder paint. When they .re foliated into powder 
parnt, it 9 iv.s rise to the problems of poor stora,e 
stability, e. 9 . poor blocking resistance. 

SUMMARY or THE IMVBHTtovi 

The present Invention provides a powder costing 
composition which Is suitable for th. precoat.d steel 
Plates. The powder coatin, composition of th. present 
invention has excellent storage stability blockin , 
resrst.no. , and provides a cured tU. having good weather 
resistance and a good balance of hardness and 
probability. According!,, tB . powder CMUng 
comprises; 

(I) 95 to 70 , by weight of a polyester resin 
h.vmg . ,ia 8s transition temperature of «o to 70 -c, 
Prepared from ,1, .„ acla component eo „ tainl „ 9 M ^ ^ 

* of an aromatic dicarboxylio acid with ,ii, . polyol 
component which comprises 

O «t least 50 mole % of n.openty! 5 : y col , and 
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(b) 1 to 10 * by weight of a diol selected from 
the group consisting of a linear chain C 8 -C 16 
alkylene diol, 2-methyl-l,8-octane diol and a 
mixture thereof, and 

(II) 5 to 30 % by weight of a curing agent. 
It is known to the art that processability and 
hardness are conflict with each other and is difficult to 
comply with the both properties. In order to introduce 
hardness and weather resistance, rigid monomers {e.g. 

iimethanpl) are introduced 
into polyester chains, and transffloiwer 
amount of a curing agent must be also controlled. The cured 
film, however, is too rigid and ruptured when folding 
process. In order to soften the film, soft segments are 
introduced into the polyester or plasticifcers are introduced 
into the resin composition, thus the film being soft and 
having high processability. The cured film, however, 
deteriorates hardness or weather resistance. 

For the powder paint, it is generally desired to 
have such storage stability or blocking resistance that the 
powder paint particles are not agglomerated or fused when 
stored at 30 to 40 °C. Accordingly, a large amount of the 
soft segment can not be introduced into the polyester resin 
because the storage stability reduces. 

In the present invention, a content of a rigid 
molecular structure of an aromatic ring is not reduced, and 
an alkyl-substituted aliphatic diols, which sterically 
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control the free revolution of the polyester chain, and a 
■oft aliphatic diol are introduced into the polymer chain in 
a certain content to achieve the combination of the present 
invention. 

The storage stability of the powder coating 
composition of the present invention is further enhanced by 
adding non-crosslinked resin particles in the composition. 
DETAILED DESCR IPTION OF THE INVENTION 
The polyester resin (I) of the present invention i s 
prepared by copolymer izing the acid component (i) with the 
polyol component (ii). 

The acid component (1) should contain at least 80 
mole % of an aromatic dicarboxylic acid. The larger the 
amount of the aromatic dicarboxylic acid the better the 
15 hardness, weather resistance and water resistance of the 
cured film. Examples of the aromatic diacarboxylic acids 
are terephthalic acid, ieophthalic acid, orthphthalic acid, 
phthalic anhydride, naphthalene dicarboxylic acid, 4,4'- 
diphenyl carboxylic acid and the like. Preferred are 
20 terephthalic acid and isophthalic acid, in view of weather 
resistance, The acid component (i) may contain the other 
acids, such as an aliphatic acid (e.g. adipic acid, sebacic 
acid or succinic acid), an aromatic tricarboxylic acid (e.g. 
trimellitic acid) and the like. The other acids should be 
25 controlled to less than 20 mole %. 

The polyol component (ii) is composed of neopentyl 
glycol (a) and a diol (b). The diol (b) is selected from 
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the group consisting of a linear chain C e -C 16 alkylene diol, 
2-methyl-l,8-octane diol and a mixture thereof. The linear 
chain C g -C 16 alkylene diol is generally represented by the 
following formula; 

HO-(CH 2 ) n -OH (X) 
[wherein n is an integer of 8 to 16. J. 
Typical examples of the diols (X) are 1,8-octane diol, 1,9- 
nonane diol, 1 , 12-dodScane diol, 1 , 14-tetradecane diol, 

>^ 1,16-hexadecane diol and the like, 
-nonat 

In the polyol component (ii), neopentyl glycol (a) 
is present in an amount of- at least 50 mole % and the diol 
(b) is present in an amount of 1 to 10 % by weight based on 
the polyester resin weight. If the neopentyl glycol is less 
than 50 mole t, the water or weather resistance of the cured 
film is deteriorated. If the diol (b) is less than 1 % by 
weight, the processability is poor. If it is more than 10 % 
by weight, the obtained polyester has a glass transition 
temperature of less than 40 °C and it is difficult to grind 
when formulated into a powder paint. The resulting powder 
paint has poor storage stability and low film hardness. 

The polyol component (ii) may contain other 
polyols. Examples of the other polyols are ethylene glycol, 
propylene glycol, butane diol, trimethylene glycol, 
neopentylglycol hydroxypi valate , cyclohexane dimethanol, 
2,2,4-trimethylpentane diol, 2-ethyl~2-butyl-l / 3-propane 
diol and the like. Preferred are neopentylglycol 
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hydroxypiv.lat, and 1 , ,-eyclohex.ne dimethanol. m addition 
to the divalent polyol., polyole havin, 3 or more hydroxyl 
9ro Ups , 6uch .„ trim.thyloleth.ne, trimethylolpropane, 
Pentaerythritol .nd the like may be add.d thereto. 

The polye.ter resin (I) of the present invention 
"n be prepared from the sold component (i) and the polyol 
component (ii) by art-known methods, such as an eater- 
exchano. method, a direct e.t.rif io.tion followed by a melt- 
condensation. The pplymerir.tion can be conducted in the 
presence of . catalyst. Examples of the catalysts „ e 
dibutynin oxide, antimony tiioxid., sine acetate, man 9 anese 
•cetate, cobalt acetate, calcium acetate, lead acetate, 
tetrabutyl titanate, t.tr.isopropyl tltanate and the like, 
m the polymerisation, «hole amounts of the acid component 
(1) and the polyol component (ii) My be adaed 
simultaneously or they are divided into several portions 
which are mix.d more than two times. The acid and Polyol 
components may be stoichiometrically mixed for 
Polymerisation. Por.ex.mpie, if a hydroxyl 9 roup-contai„in 9 
Polyester i, obtained, the polyol component is admixed in an 
•mount of l.o to i. 3 mole b.s.d on one mole of the acid 
component. T he catalyst may be present in an amount of 0.01 
to 0.5 % by weight based on th. total amounts of the 
Polyester. Polym.rimion conditions are known to the art 
but ,ener.Uy conducted at a temperature of 200 to 250 -c ' 
for 4 to 10 hours. 

The polye.ter resin of the present invention has a 
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glass transition temperature (Tg) of 40 to 70 °C. The 
polyester resin preferably has an acid value of 10 to 100 
a hydroxyl value of 10 to 100. It is also preferred that 
the resin has a number average molecular weight of 2,000 
10,000. if an acid value or hydroxyl value is lees than 
cure is insufficient. If it is more than 100, a curing 
density is so high that processability significantly 
reduces. If Tg is less than 40 °C, the resulting powder 
paint has poor storage stability (poor blocking 

JBore than 70 °C, film appearanc e o 
m smoothness is poorTTlSTecular weights or lei 
2,000 deteriorate processability and those of more than 
10,000 lower film appearance or film smoothness. 

The curing agent (II) of the present invention 
includes an epoxy compound having at least two epoxy grouj 
or an isocyanate compound having at least two ieocyanate 
groups which are blocked. Typical examples of the epoxy 
compound having at least two epoxy groups are diglycidyl 
ether of bisphenol A, diglycidyl ether of hydrogenated 
bisphenol A, diglycidyl orthphthalate, diglycidyl 
isophthalate, diglycidyl terephthalate, glycidyl p- 
oxybenzoate, diglycidyl tetrahydrophthalate, diglycidyl 
hexahydrophthalate, diglycidyl succinate, diglycidyl 
adipate, diglycidyl sebacate, ethyleneglycol diglycidyl 
ether, propyleneglycol diglycidyl ether, 1 , 4-butanediol 
diglycidyl ether, 1 , 6-hexanediol diglycidyl ether, 
triglycidyl tr imellitate, triglycidyl isocyanui ate , 
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hydroquinone diglycidyl ether, an oligomer thereof, another 
epoxy compound modified with a polyester or so, and the 
like. The isocyanate compound to be blocked includes an 
aromatic diisocyanate compound, an aliphatic diisocyanate 
compound, an alicyclic diisocyanate and a polyisocyanate, 
which can be either low molecular weight or high molecular 
weight. Typical examples of the isocyanate compounds are 
tetramethylene diisocyanate, hexamethylene diisocyanate, 
toluene diisocyanate, diphenylmethane diisocyanate, 
hydrogenated dipheny'lmethane diisocyanate, xylylene 
diisocyanate, hydrogenated. xylene diisocyanate, isophorone 
diisocyanate, trimer of isophorone diisocyanate and the 
like. The isocyanate compound can be an isocyanate 
terminated compound which is prepared by reacting an excess 
amount of the above listed isocyanate with a low molecular 
weight active hydrogen-containing compound (e.g. ethylene 
glycol, propylene glycol, trimethylolpropane, glycerol, 
•olbitol, ethylenediamine, monoethanolamine , diethanol amine 
and triethanol amine) or a high molecular weight active 
hydrogen-containing compound (e.g. a polyether polyol, « 
Polyester polyol and a polyamide). The isocyanate groups 
are blocked with a blocking agent. Examples of the blocking 
agents are phenols, such as phenol, thiophenol, 
-thylthiophenol, ethylphenol, cresol, xylenol, resorcinol, 
nitrophenol, chlorophenol and the like; oximes, such as 
acetoxime, methyl ethyl ketoxime, cyclohexanon* oxime and 
the line; alcohols, such as methanol, ethanol, propanol, 
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butanol, t-butanol, t-pentanol, t-butanethiol and the like; 
halogenated alcohols, such aa ethylene chlorohydrine, 1,3- 
dichloro-2-propanol and the likej lactams, such as epsilon- 
caprolactam, delta-valerolactam, gamma-butylolactam, beta- 
propyllactam and the like; aromatic amines; imides; 
activated methylene compounds; mercaptanes; imines; ureas; 
diaryl compounds; and the like. 

The coating composition of the present invention 
may contain a curing .catalyst which is known to the art. 
Typical examples of the catalysts are tin compounds, such as 



benzyldimethylamine. 

In the preferred embodiment of the present 
invention, the powder coating composition may contain non- 
crosslinkable resin particles. The non-crosslinkable resin 
particles attach on the powder particles and prevent 
blocking between the powder particles. The resin particles 
also enhance flowability of the powder coating 
composition. The non-crosslinkable resin particles may be 
formed from any kind of polymers which are used in the field 
of paint. Preferred resins are epoxy resin, polyester 
resin, melamine resin and the like, in view of producibility 
or practicability. More preferred is vinyl resin, because 
Physical properties of the resin can be' easily controlled. 
It is also preferred that the non-crosslinkable resin 
particles have a glass transition temperature (Tg) of 50 to 
150 <>C, preferably 70 to 120 It the temperature is less 
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than 50 -c, blocking resistance is poor when stored or 
transported. If it i s more than 150 •<:, it is not 
practically used. The resin particles preferably have an 
average particle size of 0.001 to 10 micron, preferably 0.01 
to 1.0 micron. It is difficult to produce small resin 
particles of less than 0.001 micron, if an average particle 
size is more than 10 micron, a large amount of the particles 
is formulated into the coating composition in order to 
obtain sufficient blocking resistance, thus resulting in 
poor film appearance. The_ resin particles can be prepared 
by art-known methods, such. a£ emulsion polymerization, 
suspension polymerization, a grinding method of solution 
polymerized or bulk polymerized resin and the like, m the 
*-*sin particles, an additive, such as ultraviolet absorber, 
antioxidant or surface controlling agent is added. 

The powder coating composition of the present 
invention contain 70 to 95 I by weight of the polyester 
resin (I) and 5 to 30 % by weight of the curing agent (II), 
the total amount of the components (I) and (II) being 100 % 
^ weight. If the curing agent (II) ls less than 5 % by 
w^ght, the hardness, weather resistance or stain resistance 
of the cured film is poor. If it ia more than 30 * by 
weight, the resulting article has poor processability . The 
curing catalyst (III, may be contained in the composition in 
an amount of 0.1 to 5.0 parts by weight based on 100 parts 
by weight of the polyester resin. The non-crosslinkable 
resin particles (III) may be present in the composition in 
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an amount of 0.1 to 10 * by weight, the t by weight being 
based on the three components (I) , (II) and (III). If the 
particles are less than 0.1 l by weight, the powder coating 
has poor storage stability. If it is more than 10 I by 
weight, surface appearance is poor. 

The powder coating composition can be a clear 
coating composition without a pigment or can contain a 
pigment. The pigment is not limited, but including iron 
oxide, lead oxide, strontium chromate, carbon black, coal 
< £^t I _J£taj^^di oxide, phthalocyanine blue, talc, bar ium 

metallic pigment (aluminum' flake) and the like. An amount 
Of the pigment is not limited, but preferably is within the 
range of 10 to 100 parts by weight based on 100 parts by 
weight of the polyester resin (I). 

The powder coating composition of the present 
invention may be prepared by dissolve or disperse the above 
mentioned component excepting the resin particles (III) in a 
suitable solvent, followed by atomizing and drying it. it 
may also be prepared by melting and mixing the components 
excepting the reain particle (III) and cooling, followed by 
grinding it. a particle size of the powder is not limited, 
but preferably within the range of 5 to 30 micron. If 
necessary, the powder may be classified! 

The obtained powder is mixed with the resin 
particles (III) using a mixer, a hybridizer or a ball mil, 
if necessary. The resin particles (III) may be coated on 
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the powder, if necessary, 

The powder coating composition is coated on a 
substrate by an art-known method. For example, the powder 
coating composition may be attached on the heated substrate 
and fused to form a uniform continuous film on it (spray 
coating or flow dipping coating). The composition may also 
be heated upon coating to coat it in a molten condition 
(flame spraying or plasma spraying). An electric charge may 
be given to the powder composition which is attached on the 
substrate by electrostatic power, and then baked and dried 
(electrostatic coating). 

The substrate to be coated can be anyone which is 
known to the art, including metal.. glass, or piimered 
substrates. Preferred is metal, such as steel or 
15 aluminum. The film thickness can be varied by desired 
applications, but generally 20 to 100 micron. 

Curing is conducted at a temperature of 160 to 250 
•C to obtain a high crosslinking degree, a curing period of 
time is generally varied by the curing temperature, but 
20 generally 1 to 5 minutes at 200 to 250 *C or 15 to 30 
minutes at 160 to 200 °C. 

Since the powder coating composition of the present 
invention does not contain an organic solvent, it is non- 
toxic. The powder coating composition does not give rise to 
agglomeration or fusing between powder particles when 
stored, and has good blocking resistance and storage 
stability. 



25 



- 13 - 



Since the polyol component (ii) has a longer 
alkylene chain in comparison with conventional diols and ha 
an alkyl group at a beta-position of a hydroxyl group, 
hydrophobic properties are high and the ester bond is 
protected by the sterical effect of the beta-position alkyl 
group. Thus, the possibility of hydrolysis of the ester 
bond is lowered and water resistance and weather resistance 
are significantly improved. The polyester reein (I) of the 
present invention is composed of an aromatic portion which 
is rigid structure and a_diol portion which is relati vely 

iecorOiuyj.y A 

hardness and such good proceesability that even when the 
coated substrate is folded the cured film exhibit no cracks 
and no defects. The cured film also has good adhesive 
properties, glossy appearance. The coating composition, 
thus, is very good for precoated steel panels. 
EXAMPLES 

The present invention is illustrated by the 
following Examples which, however, are not to be construed 
as limiting to their details. In Examples, the "parts" are 
based on weight, unless otherwise indicated. 

Preparation of polyester resin 

Preparation l 

A reaction vessel, equipped with a heater, a 
stirrer, a nitrogen gas introducing tube and a fractional 
distillation column, was charged with 34.30 parts (50 mole 
%) of dimethyl terephthalate (DMTP), 35.10 parts (89 mole %) 
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of neopentyl glycol ( NPG ) , 4.47 parts (8 mo i e |, 0 £ 1,9- 
nonane diol, 1,39 par8 (3 _ , 

P u mole I) of trimethylolpropane 

ana °- os - — « . 

nitron to The content „ae e ,t.r- 

;::::;:r at : ; empecature 01 130 to 210 * *»*». — . 

methanol was distilled off. Then *k. 

l ' Tnen ' the ester-exchange 
continued at 210 »r i« * 

C and 10 .6 , of met ha„ol was dieUlled 

•«■ **t«r cooUh, it, 2S . 38 part6 (Sfl ^ ^ 
'"ephthalic acid was added thereto ... 

at 5 an • then "ter-exchanged 

the 1 ' ^ tMCti0n W " UrminaUd " < h ° ^« «-t 
H stained re 6l » had a„..^ value o£ 

vera,. o1 ^ ^ ^ 

- ■ — . Tfle resin also had a glass tr*n,<n * 
of 56 o C 98 transifc ion temperature 

(os » c, mea(utea by , , if(ertntui seannins 

to 3 " 

Polyester resins B-l were nr^. ^ 
. >u were P r «Pared as generally 

U1 " 9 P ° lye "« «• aleo shown ln Table x 
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Preparation 7 

A reaction vessel, equipped with a heater, a 
stirrer, a nitrogen ga» introducing tube and a fractional 
distillation column, was charged with 35.09 parts (45.3 mole 
%> of dimethyl terephthalate ( DMTP ) , 36.88 parts (95 mole %) 
of neopentyl glycol (NPG), 3.02 parts (5.0 mole I) of 1,9- 
nonane diol and 0.05 parts of dibutyltin oxide, and heated 
in a nitrogen atmosphere to melt. The content was ester- 
exchanged at a temperature of 130 to 210 °C during which 
methanol was distilled off. Then, the ester-exchange 
continued at 210 -c and ll.ellg of methanol was distilled 
off. After cooling it, 30.05 parts (45.3 mole \) of 
terephthalic acid was added thereto and then ester-exchanged 
at 240 «C. The reaction was terminated at the point that 
the obtained resin had an acid value of 10.0. Then, 3.57 
P^ts (4.7 mole %) of trimellic anhydride and 2.76 parts 
(4.7 mole %) of phthalic anhydride were added thereto and 
esterifUd at 210 The reaction was terminated at an 

acid value of 39.0. .The resulting polyester resin L had a 
hyroxyl value of 0.5 and a number average molecular weight 
calculated in terms of polystyrene of 5,300. The resin also 
had a glass transition temperature of 59 ' C , measured by a 
differential scanning calorimeter (DSC). 

Preparations 8 to 10 and Comparative Preparation 4 
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Polyester resins M-R were prepared as generally 
described in Preparation 7, from the component in Table 
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2. The hydroxy 1 values, molecular weight and Tg of the 
resulting polyester resins M-R are also shown in Table 2. 
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Prepara tion of non-crosslinkable resin particles 
Production 1 

A reaction vessel equipped with a stirrer and a 
condenser was charged with 380 parts of deionized water and 
2 parts of a nonionic surfactant (available from Sanyo 
Chemical Industries Ltd. as MON 2), and dissolved at 80 °C 
with stirring. To the content, one part of ammonium 
persulfate and 10 paris of deionized water were added, to 
_which a mixture solution of 10 parts of 2-hydroxyethyl 




methacrylate was added dropwise for 60 minutes. After 
finishing the drop, mixing 1 continued at 80 °C for 60 minutes 
to obtain an emulsion having a nonvolatile content of 20 I 
and a particle size of 0.03 to 0.05 micron. The emulsion 
was spray dried to obtain non-crosslinkable resin particles 
having Tg of 65 °C and an average particle size of 0.03 to 
0.05 micron. 

Production 2 

A reaction vessel equipped with a stirrer and a 
condenser was charged with 380 parts of deionized water and 
2 parts of a nonionie surfactant (available from Sanyo 
Chemical Industries Ltd. as MON 2), and dissolved at 80 °C 
with stirring. To the content, one part of ammonium 
persulfate and 10 parts of deionized water were added, to 
which a mixture solution of 85 parts of methyl methacrylate, 
5 parts of styrene and 10 parts of n-butyl methacrylate was 
added dropwise for 60 minutes. After finishing the drop, 
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■nixing continued at 60 «c for 60 minutes to obtain an 
emulsion having . nonvolatile content of 20 » and a particle 
sr« of 0.03 to 0.05 micron. The emulsion was spray dried 
to obtain non-crosslinkable resin particles having T g of 90 
•c and an average particle size of 0.03 to 0.05 micron. 

Prepara tion of p o wder paint 

Example 1 

The following ingredients including Polyester A 
were dry-blended by.. „ e n.h.ll Mixer for about 30 seconds 
•nd then extruded at loo -c using an extruder (avails^, 
from Buss company as Bussco Xnead.r , . The extruded mixture 
"as ground and sieved with a metal net of 150 mesh to obtain 
a powder paint. 

lH3redients Part3 

Polyester resin A B0 

Crelan Ul* 2Q 

Titanium oxide 40 

Dibutyltin dilaurate 1 

Modaflow 2 1 

dii^cya'na^e'fJanab^ £ l0Ck n ° f ^^Phorone 
equivalent of 365 ^ Bayer AG ' havin 9 an NCO 

Company^*' COntro11 ^ «9«nt available from Monsant 
The resulting powder paint was. electrostatically 
-ted on a steel panel of 0.6 mm thinness which had been 
treated with sine phosphate, and baked at 230 *c for 5 
Minutes to obtain a cured filn,. The powder paint was 
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evaluated with storage stability (blocking resistance) and 
the coated panel was evaluated with film properties. The 
results of the evaluations are shown in Table 3. 

Examples 2-6 and Comparative Example 1-3 
The same treatment as Example 1 was conducted using 
Polyester resin B-I and the results are shown in Table 3. 
In Examples 4 and 5, a weight ratio of polyester resin / 
Crelan UI was changed to respectively 65/35 and 85/15. 
Examples 7 and 8 



of Production 1 or 2 was «.d<&d to 100 parts of the powder 
paint obtained in Example 6 and mixed for 30 seconds using a 
Henshell Mixer to obtain powder paints. The same test was 
conducted and the results are shown in Table 3. 
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1 Test was conducted according to JIS-K-5400. 
Evaluation was made by a height (cm) at which no 
cracks and no peels occurred, 

* 2 Test was conducted according to JIS-B-7777% 
Good shows a level at which no cracks and no peels 
occur at an indentation distance of 7 mm, 

* 3 A coated panel was folded 180 c and cracks at 
the folded portion were observed. 4T and 2T 
respectively show that 4 and 2 panels having the 
same thickness were inserted in the folded 
portion. 0T shows that no panel was inserted and 
the coated panel was directly folded. 

* 4 A coated panel was dipped in boiled water for 2 
hours. A gloss retention (%) was determined 




Salt spraying" w$e confluctea acc< 
5400 7.8 and a peeling width was determined when an 
adhesive tape peeling on a cross cut portion was 
conducted. 

* 6 A coated panel was put in a Sunshine Weather-0- 
meter and a gloss retention (%) was determined 
after 300 hours or 500 hours. 

* 7 After a powder paint was stored at 40 °C for 
one month, a flowability of it was evaluated. Good 
shows no change on flowability. Fairly good shows 
that some agglomerates are present but are easily 
broken by shaking and flowability recovers. Bad 
shows that agglomerates are not broken and indicate 
poor flowability. 

Example 9 

The following ingredients including Polyester L 
were dry-blended by a Henshell Mixer for about 30 seconds, 
and then extruded at 100 °C using an extruder (available 
from Buss Company as Bussco Kneader). The extruded mixture 
was ground and sieved with a metal net of 150 mesh to obtain 
a powder paint. 

Ingredients Parts 

Polyester resin L 87 
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Triglycidyl isocyanulate 13 
Titanium oxide 40 
Modaflow 2 1 

The resulting powder paint was electrostatically 
coated on a steel panel of 0.6 mm thickness which had been 
treated with zinc phosphate, and baked at 230 «c for 5 
minutes to obtain a cured film. The powder paint was 
evaluated with storage stability (blocking resistance) and 
the coated panel was. evaluated with film properties. The 
results of the evaluations are shown in Table 4. 

Examples 2-6 and Comparative Example 1-3 
The same treatment as Example 9 was conducted using 
Polyester resin M-R and the results are shown in Table 3. 
In examples 10 and 11 a weight ratio of polyester resin / 
Triglycidyl isocyanulate (TGIC) was changed to respectively 
80/20 and 90/10. 

Example 13 

One part of the non-crosslinkable resin particles 
of Production 1 was added to 100 parts of the powder paint 
obtained in Example 10 and mixed for 30 seconds using a 
Henshell Mixer to obtain powder paints. The same test was 
conducted and the results are shown in Table 4. 
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As is apparent from the above results, in the 
combination of the polyester resin and a curing agent of a 
blocked isocyanate compound (Examples 1-6) or in the 
combination of the polyester resin and a curing agent of an 
epoxy compound, a balance of hardness and processabili ty 
(impact resistance, erichsen and flex test) are good and 
durability (boiled water resistance, corrosion resistance 
and weather resistance) is also good. When combined with 
non-crosslinkable resin particles (Examples 7, 8 and 13), 
storage stability is further improved. 
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WHAT IS CLAIMED IS 

1. A powder coating composition comprising; 

(I) 95 to 70 % by weight of a polyester resin 
having a glass transition temperature of 40 to 70 °c, 
prepared from (i) an acid component containing at least 80 
mole % of an aromatic dicarboxylic acid with (ii) a polyol 
component which comprises 

(a) at least 50 mole % of neopentyl glycol, and 

(b) 1 to 10 % by weight of a diol selected from 




alkylene diol, 2-peihyl-l , 8-octane diol and a 
mixture thereof, and 

(II) 5 to 30 % by weight of a curing agent. 

2. The powder coating composition according to 
Claim 1 wherein said aromatic diacarboxylic acids include 
terephthalic acid, isophthalic acid, orthphthalic acid, 
phthalic anhydride, naphthalene dicarboxylic acid and 4,4'- 
diphenyl carboxylic acid. 

3. The powder coating composition according to 
Claim 1 wherein said acid component further contain adipic 
acid, sebacic acid, succinic acid or trimellitic acid. 

4. The powder coating composition according to 
Claim l wherein said linear chain Cg-C 16 alkylene diol is 
represented by the following formula; 

OH-(CH 2 ) ft -OH (X) 

[wherein n is an integer of 8 to 16.). 

5. The powder coating composition according to 
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Claim 4 „ h< , re in said diols (X) include lf ,. oetane alol< 19 . 
nonane di 6l , l,l 2 -dod.e»„. diol, 1,14-t.tradecan, diol, 
1,16-hexadecane diol and 1,16-h.xadecane diol. 

6. The powder coating composition according to 
Claim 1 wheteln sald polyol eomponent lunher eMt>ins 

other polyols, including ethvlen* niu^i 

8 etn yiene glycol, propylene glycol, 

butane diol, trimethylene glycol, neopentylglycol 

hydroxypivalate, cyclohexane dimethanol, 2,2,4- 

trimethylpentane dio* and 2-ethyl-2-butv i - 1 

ov,nyA * ^tyi-lrS-propane diol. 

7. The powder coating composition according to 

Claim l wherein said polvest^r r.e4« 

u poxyestftr resin has an acid value of 10 

to 100 or a hydroxyl value- of 10 to 100. 

6. The powder coating composition according to 

Claim 1 wherein said polyester resin h ae 

^ ^ b;er resin has a number average 

molecular weight of 2,000 to 10,000, 

9. The powder coating composition according to 
Claim 1 wherein said curing agent (11J includes an ftpQXy 
compound having at least two epoxy groups or an isocyanate 
compound having at least two isocyanate groups which are 
blocked. 

10. The powder coating composition according to 
CUx. 9 wherein said epoxy compound having at least two 
epoxv groups include. di, lyc idyl ether of bisphenol A 
".lycidyl ether o, hydrogenated bisphenol », di, ly eid yl 
orthphthalate, diglycidyl isophthalate, di,l yci d yl 
terephthalate, g lyci dyl P -ox y bentoate, di,l y cidyl 
tetra hyd rophthalate, di,l y oi dy l hexahydrophthalate. 
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diglycidyl succinate, diglycidyl adipate, diglycidyl 
sebacate, ethyleneglycol diglycidyl ether, propyleneglycol 
diglycidyl ether, 1, 4-butanediol diglycidyl ether, 1,6- 
hexanediol diglycidyl ether, triglycidyl trimellitate, 
triglycidyl isocyanulate, hydroquinone diglycidyl ether, an 
oligomer thereof, another epoxy compound modified with a 
polyester. 

11. The powder coating composition according to 
Claim 11 wherein said isocyanate compound to be blocked 




diisocyanate, toluene diisocyanate, diphenylmethane 
di isocyanate, hydrogenated diphenylmethane diisocyanate, 
xylylene diisocyanate, hydrogenated xylylene diisocyanate, 
isophorone diisocyanate or trimer of isophorone 
diisocyanate. 

12. The powder coating composition according to 
Claim 1 further comprising a curing catalyst (III). 

13. The powder coating composition according to 
Claim 12 wherein said catalysts include tin compounds and 
tertiary amines. 

14. The powder coating composition according to 
Claim 1 further comprising non-crosslinkable resin 
particles, 

15. The powder coating composition according to 
Claim 14 wherein said non-crosslinkable resin particles have 
a glass transition temperature (Tg) of 50 to 150 B C and an 
average particle size of 0.001 to 10 micron. 



16. The powder coating composition according to 
Claim 1 wherein .aid non-crosslinkable resin particles (IV) 
•re present in the composition in an amount of 0.1 to 10 % 
by weight, the % by weight being based on the three 
components (I), and {III)> 
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